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A low molecular mass alkaliphilic extra-cellular lipase of Bacillus cereus
MTCC 8372 was purified 35-fold by hydrophobic interaction (Octyl-Sepharose) chro-
matography. The purified enzyme was found to be electrophoretically pure by dena-
turing gel electrophoresis and possessed a molecular mass of approximately 8 kDa. It
is a homopentamer of 40 kDa as revealed by native-PAGE. The lipase was optimally
active at 55 ºC and retained approximately half of its original activity after 40 min in-
cubation at 55 ºC. The enzyme was maximally active at pH 8.5. Mg2+, Cu2+, Ca2+,
Hg2+, Al3+ and Fe3+ at 1 mM enhanced hydrolytic activity of the lipase. Interestingly,
Hg2+ ions synergized and Zn2+ and Co2+ ions antagonized the lipase activity. Among
surfactants, Tween 80 promoted the lipase activity. Phenyl methyl sulfonyl fluoride
(PMSF, 15 mM) decreased 98% of original activity of lipase. The lipase was highly
specific towards p-nitrophenyl palmitate and showed a Vmax and Km of 0.70
mmol.mg–1.min–1 and 32 mM for hydrolysis of pNPP.
Keywords: Bacillus cereus MTCC 8372, low molecular mass lipase, purifica-
tion, biochemical characterization, effect of metal-ions, detergents and PMSF
Introduction
Microbial lipases (glycerol ester hydrolase; EC 3.1.1.3) are ubiquitous en-
zymes of considerable physiological significance that possess a whole realm of in-
dustrial applications. They have an unsurpassed role in swiftly growing modern
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biotechnology [1–4]. A number of commercially available lipases have originated
from bacteria [5, 6]. Microbial lipases are versatile biocatalysts, as many of them
are stable over a wide range of pH, at elevated temperature and in organic solvents
[7]. The discovery that enzymes can function in organic solvents broadened the
scope of biocatalysis, making enzymes highly useful tools for organic chemists.
Lipases bring about a range of bioconversion reactions such as hydrolysis,
inter-esterification, esterification, alcoholysis, acidolysis and aminolysis [8]. Li-
pases are very diverse in their enzymatic properties and substrate specificities,
which make them highly attractive for industrial applications. A large number of
lipases have been screened for their use as food additives (flavor modifying en-
zymes), industrial reagents (glyceride-hydrolyzing enzyme), stain-removers (de-
tergent additives), digestive drugs, diagnostic enzymes in medical applications,
neutraceuticals, surfactants and additives in cosmetics [3, 9, 10].
Bacillus cereus is an aerobic, thermophilic, organotrophic, lipolytic, al-
kali-tolerant, Gram-positive bacterium. Many lipases, including those from
mesophilic organisms, have been found to be fairly thermo- and alkali-stable.
However, it is likely that enzymes produced by thermophilic, alkalitolerant bacte-
ria will be exhibiting high specific activities at elevated temperatures and alkaline
pH. This is the first report of a low molecular mass extracellular lipase of an
alkaliphilic B. cereus MTCC 8372 isolate.
Materials and Methods
Chemicals
Iso-propanol, p-nitrophenol, p-nitrophenyl palmitate (pNPP), p-nitro-
phenyl laurate (pNPL), p-nitrophenyl caprylate (pNPC), p-nitrophenyl acetate
(pNPA) and p-nitrophenyl formate (pNPF) were procured from Lancaster Synthe-
sis, England; SDS and native-molecular weight markers were from Genei Pvt Ltd,
Bangalore (India) and Amersham Bioscience (India), respectively. Bovine serum
albumin, Coomassie Brilliant Blue R-250, phenyl methyl sulphonyl fluoride
(PMSF) and acrylamide/bis-acrylamide (40% stock solution-19:1) were pur-
chased from Sigma Chemical Co., USA. All other reagents/chemicals were of an-
alytical grade.
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Maintenance of microorganism
Bacillus cereus was obtained from the Department of Biotechnology,
Himachal Pradesh University, Shimla. This bacterium was assigned a Microbial
Type Culture Collection number (MTCC 8372) by the Institute of Microbial
Technology & Gene Bank, Chandigarh-160 036, India. The bacterium was ini-
tially isolated from a sample of sweetshop kitchen waste employing a selective
(Griseofulvin; 0.05 mg.ml–1) continuous enrichment technique using a broth con-
taining 1% (v/v) cottonseed oil (as sole carbon-source). This strain was identified
as an aerobic thermophile, rod-shaped (cocco-bacillary), endospore former of the
genus Bacillus. The auxenic strain was maintained by repeated subculturing on a
modified mineral based (MB) medium containing 1% (v/v) cottonseed oil. Stocks
of B. cereus MTCC 8372 were prepared in glycerol (25% v/v) and stored at –20 ºC
till further use.
Lipase production by B. cereus
B. cereus MTCC 8372 was grown in a broth containing (gl–1); NaNO3 3.5;
K2HPO4 0.1; MgSO4.7H2O 0.5; KCl 0.5, FeSO4.7H2O 0.01, yeast extract 4.0 and
cottonseed oil (1%, v/v), pH 7.5±0.1. The medium was autoclaved at 1.1 bar
overpressure for 18 min at 121 ºC. When the organism was cultivated in MB broth
at 55 ºC with shaking (160 rpm) for 48 h, the harvested broth (10,000g, 20 min, 4
ºC) showed maximum lipase activity. The cell pellet was discarded and
supernatant was filtered through a 0.22 micron membrane. The crude lipase
sourced from B. cereus was purified by successive ammonium sulphate salt pre-
cipitation, and hydrophobic interaction (Octyl-Sepharose) chromatography to ob-
tain a highly homogeneous protein.
Enzyme assay
The lipase activity was assayed by a colorimetric method using pNPP [11].
The 20 mM stock solution pNPP (pNPL, pNPC, pNPA, pNPF) was prepared in
HPLC grade iso-propanol. The reaction mixture containing 80 ml of pNPP
stock-solution in Tris buffer (0.05 M, pH 8.5, final volume 3 ml) was pre-incu-
bated at 55 ºC in a water bath shaker (160 rpm) for 10 min. Thereafter, 20 ml of en-
zyme was added and reaction was performed at 55 ºC for 10 min in a water bath
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under shaking. Further enzymatic reaction was stopped by chilling at –20 ºC for 7
min. Control containing heat-inactivated (5 min in boiling water bath) enzyme (in
duplicate) was also incubated with each assay. The A410 (Shimadzu UV/Visible
Spectrophotometer, Japan) of heat-inactivated lipase was subtracted from the
absorbance of the corresponding test sample. The unknown concentration of
p-nitrophenol released was determined from a reference curve of p-nitrophenol
(2–20 mg/ml in 0.05 M Tris buffer, pH 8.5). Each of the assays was performed in
triplicate unless otherwise stated and mean values were presented. One unit (IU)
of lipase activity was defined as micromole(s) of p-nitrophenol released by hydro-
lysis of p-nitrophenyl ester by one ml of soluble enzyme per minute at 55 oC under
assay conditions. The protein concentration was determined using bovine serum
albumin as a standard [12].
Hydrophobic column chromatography
A column of pre-swollen Octyl-Sepharose (Sigma Chemical Co., U.S.A)
was packed (Vt = 25 cm
3) in a sintered glass column. Equilibration was done using
20 ml of start-buffer (50 mM sodium phosphate, 1.0 M ammonium sulphate, pH
7.2) at a flow rate of 1.0 ml.min–1. The dialysed lipase was loaded on the column.
The elution was performed with 20 ml of elution-buffer (50 mM sodium phos-
phate, pH 7.2). All fractions (3 ml) were assayed for both lipase activity as well as
their protein content. The fractions showing lipase activity under a peak were
pooled, concentrated by freeze-drying and quantified. Fold purification as well as
yield of lipase was determined at each stage of purification. Purified lipase was
stored at –20 ºC until used. This preparation was extensively dialyzed and freeze-
dried under vacuum and referred as purified lipase.
Molecular mass determination
SDS- and native-PAGE were performed to determine the purity, native mo-
lecular mass and its subunits’ molecular mass. The SDS-PAGE was performed on
15% polyacrylamide gel (with 4% stacking gel) by a standard technique [13]. The
native-PAGE was performed on 8% polyacrylamide gel (with 4% stacking gel).
Proteins in the gel were visualized with Coomassie Brilliant Blue R-250.
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Characterization of B. cereus MTCC 8372 lipase
Effect of temperature on purified lipase
To determine the optimum reaction temperature for extracelluar lipase, 20
ml of purified lipase was added to the reaction mixture containing 80 ml of p-NPP
(20 mM) and 2.9 ml of Tris buffer (pH 8.5, 0.05 M) in a test tube. The tubes were
incubated at 45, 50, 55, 60 and 65 ºC for 20 min. Further enzyme reaction was
stopped by chilling the content of reaction mixture at –20 °C for (7 min) and lipase
activity was assayed thereof.
Thermostability of lipase
To examine the effect of temperature on the stability of the enzyme, puri-
fied enzyme (0.2 ml) was kept separately in Eppendorf tubes for 140 min at 55 °C.
At intervals (20 min), 20 µl of enzyme was sampled and assayed for residual lipase
activity. The activity measured immediately before incubation was considered as
100% of hydrolytic activity.
Effect of buffer pH on lipase
To study the effect of the variation in the pH of the reaction mixture on the
lipase activity, the pH of the 0.05 M Tris-buffer (a part of the reaction mixture)
was adjusted separately to 7.0, 7.5, 8, 8.5, 9.0 and 9.5. To the reaction mixture con-
taining p-NPP and Tris-buffer at each of the above pH, 20 ml of purified lipase
was added and the reaction was carried out at 55 ºC for 20 min.
Effect of metal-ions on lipase activity
To evaluate the effect of various metal-ions at 1 mM concentration on
lipase activity, an attempt was made to study the effect of K+, Mg2+, Cu2+, Ca2+,
Co2+, Hg2+, Al3+, Na+, Fe3+, Zn2+, Mn2+ and Mo- ions (as KCl, MgCl2, CuCl2,
CaCl2, CoCl2, HgCl2, AlCl3, NaCl, FeCl3, ZnSO4, MnCl2 and Na2MoO4.2H2O, re-
spectively) on lipase activity. Each of the salt-ions was separately included in the
reaction mixture at a final concentration of 1 mM. The lipase activity was assayed
after 20 min of incubation at 55 ºC.
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Effect of various detergents on lipase activity
Various detergents both ionic as well as non-ionic were used to study their
denaturing effect on B. cereus lipase. Each of the detergents (Triton-X 100,
Tween-20, Tween-80, SLS and SDS; 0.05%, v/v) was included separately in the
reaction mixture and the residual lipase activity was recorded.
Effect of PMSF on lipase activity
The reaction mixture containing 1, 5, 10 mM of phenyl methyl sulphonyl
fluoride (PMSF) and 20 µl of enzyme were incubated at 55 °C for 20 min. The
lipase activity was assayed at interval of 5 min. The controls without PMSF and
without enzyme were also included.
Substrate specificity and affinity of the lipase
Each of the p-nitrophenyl esters i.e. p-NPF, p-NPA, p-NPL, p-NPC and
p-NPP was separately included in the reaction mixture (containing 80 ml of
p-NP-ester in iso-propanol and 2.9 ml of 0.05 M Tris, pH 8.5). The purified lipase
(20 ml) was added to each of the test tubes, mixture was thoroughly vortexed for
2 min and the test tubes were incubated at 55 ºC for 20 min. The lipase activity was
assayed thereof.
Determination of Km and Vmax of lipase of B. cereus MTCC 8372
Effect of concentrations of the selected chromogenic substrate (2–20 mM
in 0.05 M Tris-buffer, pH 8.5) on the reaction rate of hydrolysis of p-NPP ester
catalyzed by purified lipase of B. cereus MTCC 8372 was separately studied at
55 ºC. The Lineweaver-Burk plots were used to determine Vmax and Km of purified
lipase for p-NPP.
Statistical analysis
Standard deviation (SD) and Standard error of means (SE) were calculated
from data obtained for three replicates for each of the parameters studied.
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Results
The lipase in the cell-free harvested broth (0.044 IU.mg–1) was optimally
precipitated at 80% (w/v) ammonium sulfate saturation. The precipitates were re-
constituted in a minimum volume of 0.05 M Tris buffer (pH 8.5) and were exten-
sively dialyzed against the same buffer. The dialyzed enzyme showed a specific
activity of 0.148 IU.mg–1 protein. Hydrophobic interaction chromatography of
lipase on Octyl-Sepharose column resulted in one peak (Fig. 1). Hydrophobic in-
teraction (Octyl-Sepharose) chromatography resulted in a highly homogeneous
protein possessing specific activity of 1.55 IU.mg–1 indicating a 35-fold purifica-
tion (Table I). The purified lipase showed presence of a distinct band of approxi-
mately 8 kDa on 15% SDS-PAGE (Fig. 2) as analyzed by AlphaDigi Doc System
(USA).
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Table I
Summary of stepwise purification of B. cereus MTCC 8372 lipase
Purification steps Total lipase activity (IU) Total protein (mg) Specific activ-
ity (IU.mg–1) Fold purification Yield (%)
Crude lipase 261.0 5904.0 0.044 1.00 100.00
Dialyzed lipase 22.6 152.0 0.148 3.36 8.66
Octyl-sepharose 18.6 12.0 1.55 35.23 7.13
Figure 1. Hydrophobic interaction chromatography for purification of B. cereus MTCC 8372 lipase
A single band 40 kDa was observed in native-PAGE. This band was used to
assay lipase activity in situ. The protein band was carefully cut and minced into
small pieces in Tris-buffer (pH 8.5) and this suspension was assayed colori-
metrically for lipase activity (0.07 IU), using p-NPP. It confirmed that the native
lipase of B. cereus MTCC 8372 was biologically active and appeared to be a holo-
zyme that consisted of five identical subunits of approximately 8 kDa (homopen-
tamer) in native form. The Zymogram i.e., in situ substrate (p-NPP) hydrolysis
showed that the protein remained active in non-reducing native-gel (Fig. 3).
Characterization of B. cereus MTCC 8372 lipase
Purified lipase of B. cereus MTCC 8372 was characterized for various
physiochemical properties.
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Figure 2. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (15%) of B. cereus MTCC 8372
lipase at octyl-sepharose column purification
Molecular weight markers used in SDS-PAGE are Ovalbumin (43.5 kDa); Carbonic anhydrase (29 kDa);
Trypsin inhibitor (20.1 kDa); Lysozyme (14.3 kDa); Insulin (3.5 kDa). Left lane: Standard protein markers;
middle lane: HIC purified lyophilized lipase (~6 µg) and right lane: standard protein markers
Effect of temperature on purified lipase
The purified lipase exhibited a maximum enzyme activity at 55 ºC at pH 8.5
(Fig. 4).
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Figure 3. Native-polyacrylamide gel electrophoresis (8%) of B. cereus MTCC 8372 lipase after
Octyl-Sepharose column chromatography
Protein Mr (kDa) used in native-PAGE were Thyroglobuline (669); Ferritin (440); Catalase (232); Lactate
dehydrogenase (140); Albumin (66). Left lane: Zymogram (in situ staining) of purified lipase, middle lane:
Octyl-Sepharose purified lyophilized lipase (~8 µg) and right lane: Standard protein markers.
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Figure 4. Effect of temperature on the B. cereus MTCC 8372 lipase activity
Effect of pH on purified lipase
True ionogenic state of enzyme was essential for its optimal activity. The
optimal activity of B. cereus MTCC 8372 lipase was seen at pH 8.5 (0.69 IU »
100%). The enzyme activity decreased inversely. The activity decreased more
sharply at alkaline pH, the residual activity being 26% at pH 7.0, 57% at pH 7.5,
84% at pH 8.0, 65% at pH 9 and 38% at pH 9.5 (Fig. 5).
Effect of metal-ions on lipase
The presence of chloride salt of Mg2+, Mn2+, Ca2+, Hg2+ or Fe3+ promoted
the lipase activity that was 10–17% more than the control (Table II). The presence
of Hg2+ ions resulted in the maximum lipase activity. However, the presence of
Zn2+, Mo– and Co2+ ions exerted an inhibitory effect on bacterial lipase.
Thermostability of B. cereus MTCC 8372 lipase
The hydrolytic activity of lipase reduced (0.35 IU.ml–1) to approximately
50% of its original activity (0.72 IU.ml–1) within 40 min of incubation at 55 ºC.
Thereafter, decrease in the lipase activity was quite gradual. After 140 min, ap-
proximately 20% of the original activity could be detected (Fig. 6).
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Figure 5. Effect of the pH of the reaction buffer on the lipase activity
Effect of detergents on lipase of B. cereus MTCC 8372
Exposure of B. cereus MTCC 8372 lipase to low concentration of a few se-
lected detergents such as Tween 20 (0.24 IU.ml–1), Tween 80 (0.29 IU.ml–1) and
Triton X-100 (0.20 IU.ml–1) increased the hydrolytic activity up to 126, 152 and
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Table II
Effect of metal ions on purified lipase of B. cereus MTCC 8372
Metal salts Relative activity
(1 mM) (%)
No treatment 100.0
MgCl2 111.3
CuSO4 104.4
CaCl2 110.2
AlCl3 107.6
NaCl 109.2
KCl 105.8
FeCl3 110.5
ZnSO4 25.3
Na2MoO4.H2O 73.9
MnCl2 101.4
CoCl2 39.7
HgCl2 117.3
All the assays were done in triplicate using pNPP as a chromogenic substrate and mean
values were presented. The standard deviation was between 0.3 and 0.4% in all the
above regimens (n = 3).
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Figure 6. Thermostability of B. cereus MTCC 8372 lipase at 55 ºC
105% in comparison to the control, respectively. However, exposure of lipase to
SDS strongly (approx. 95% decline) and to SLS mildly (approx. 27% decline) de-
creased the lipase activity in comparison to control (Table III).
Effect of PMSF on lipase of B. cereus MTCC 8372
Inhibition kinetics of B. cereus MTCC 8372 lipase was directly propor-
tional to PMSF concentration i.e. at 1, 5 and 10 mM of PMSF, the activity of lipase
declined and appeared to follow a first order kinetics of a typical non-competitive
inhibition with respect to reaction time (Fig. 7). Presence of PMSF (10 mM) in the
reaction mixture severely decreased the hydrolytic activity of B. cereus MTCC
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Table III
Effect of detergents on lipase activity of B. cereus MTCC 8372
Surfactant Lipase activity Relative activity
(0.05%, v/v) (IU.ml–1) (%)
Tween 20 0.24 [0.01] 126.3
Tween 80 0.29 [0.02] 152.6
SDS 0.01 [0.02] 5.3
Triton X-100 0.20 [0.01] 105.3
SLS 0.14 [0.01] 73.7
Control 0.19 [0.01] 100.0
All assays were performed in multiple replicates (n = 3) at 55 °C and mean values were presented. The val-
ues in the square parentheses indicate standard deviation [SD].
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Figure 7. Effect of PMSF on lipase activity of B. cereus MTCC 8372
8372 lipase. At 15 min, almost a complete loss of the lipase activity (0.02 IU.ml–1)
in comparison to the control (0.7 IU.ml–1) was noticed.
Kinetic behavior of B. cereus MTCC 8372 lipase
Substrate specificity and effect of concentration of p-NP esters on the reac-
tion catalyzed by lipase of B. cereus MTCC 8372 were studied. The Km and Vmax
(Fig. 8) were for hydrolysis of p-NPP (32 mM and 0.7 mmol.mg–1.min–1). The
bacterial lipase thus showed a preferential specificity and hydrolytic activity to-
wards longer C-chain esters (Table 4). A Lineweaver-Burk plot was linear at low
concentration of p-NPP.
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Figure 8. Kinetics of hydrolysis of pNPP by lipase of B. cereus MTCC-8372. A Lineweaver-Burk plot
(1/v versus 1/[S]) of the data obtained from initial velocities of the B. cereus MTCC 8372
lipase-catalyzed reaction using pNPP
Table IV
Specificity of B. cereus MTCC 8372 lipase towards esters of different C-chain lengths
Substrate C-chain length Lipase activity (%)
p-Nitrophenyl formate 1:0 40.0
p-Nitrophenyl acetate 2:0 60.0
p-Nitrophenyl caprylate 8:0 68.6
p-Nitrophenyl laurate 12:0 77.1
p-Nitrophenyl palmitate 16:0 100.0
All the assays were done in triplicate using pNPP as a chromogenic substrate and mean values were pre-
sented. The standard deviation was between 0.3 and 0.4% in all the above regimens (n = 3).
Discussion
To exploit lipases of Bacillus spp. for performing hydrolysis reactions in
aqueous or esterification and trans-esterification reactions in organic system(s) re-
spectively, it is important to biochemically characterize these enzymes. Most of
these lipases have been studied for their potential in organic synthesis. Amongst
bacteria, till date a few low molecular mass lipases have been isolated, character-
ized and studied for their catalytic activities in aqueous or organic media. B. ce-
reus MTCC 8372 lipase was purified to homogeneity by ammonium sulphate pre-
cipitation, dialysis, and Octyl-Sepharose chromatography yielding an approxi-
mately 35-fold purified lipase. Among Bacillus spp., B. cereus [14] and B. coagu-
lans NCIMB 9365 [15] possessed intracellular lipases while a recently reported
thermophilic B. coagulans BTS-3 isolate possessed an extracellular (31 kDa)
alkalophilic lipase [16]. Thermostable lipases from many Bacillus species have
been found to possess molecular masses in the range of 43–45 kDa [17, 18]. A
21.9 kDa lipase from Penicillium restrictum has been reported [19].
The enzymes of thermophilic organisms possess an inherent advantage of
retaining catalytic activities at raised temperatures (>55 ºC) than the enzymes
sourced from mesophilic microorganisms. Most of previously reported lipases
were not studied for their applications in organic synthesis [14, 20]. In the present
study, the extracellular alkalophilc lipase of B. cereus MTCC 8372 retained more
than 50% of its original activity at 55 ºC for 40 minutes. Temperature optimum of
45 ºC or higher for lipase activity has been reported in many Bacillus species [20,
21]. The thermotolerant lipases appeared to be quite useful in various industrial
applications. The lipase sourced from B. cereus MTCC 8372 was also found to be
stable in many organic solvents including alcohols, alkanes and a few other com-
mon solvents [22, 23]. The purified B. cereus MTCC 8372 lipase showed prefer-
ential affinity towards longer C-chain esters (p-NPP). A Lineweaver-Burk plot
was linear that indicated that hydrolysis of p-NPP by B. cereus MTCC 8372 lipase
followed Michaelis-Menten kinetics.
The B. cereus MTCC 8372 lipase was stable over a wide range of pH (pH
7.0 to 9.5). Lipases of microbial origin are influenced by the presence of
metal-ions albeit at low concentration(s). In the present study, lipase of B. cereus
MTCC 8372 was strongly influenced by the presence of some metal cation(s). The
cation of heavy metal (Hg2+) as well as Mg2+, Ca2+, Al3+, Fe3+ etc. were found to
enhance the activity of lipase of B. cereus MTCC 8372.
The lipase of B. cereus MTCC 8372 interacted with the Hg2+ ions. The
presence of metal ions has been previously reported to influence the hydrolytic ac-
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tivities of microbial lipases both of bacterial as well as fungal origin [24]. Unlike
most other bacterial lipases, the B. cereus MTCC 8372 lipase is inhibited by
PMSF. PMSF and EDTA did not affect the lipase activity of Mucor hiemalis f.
hiemalis [25] as well as a lipase of non-microbial origin [24]. B. cereus MTCC
8372 strain [23] and a thermoalkaliphilic lipase from Bacillus sp. [17] showed a
preferential specificity for longer chain length substrates.
The hydrolytic/lipase activity of B. cereus MTCC 8372 was highly sensi-
tive to the presence of PMSF as well as denaturing agent (SDS). Anionic detergent
SDS completely inhibited the catalytic activity of B. cereus MTCC 8372 lipase in
the presence of chromogenic substrate. Inhibition of its activity by PMSF indi-
cated that it is a typical lipase with serine protease activity at the catalytic site, un-
like lipolase and a pancreatic lipase [26–28].
The present study showed unique properties of molecular mass alkaline
thermotolerant lipase of B. cereus MTCC-8372. Moreover, because of its rela-
tively high specificity towards long C-chain length esters, its potential applica-
tion(s) in the synthesis of flavor as well as fragrance ester compounds will be fur-
ther explored in organic media by performing esterification and trans-esteri-
fication studies.
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